INTRODUCTION
In July 2006 and 2009, major African aerosol emissions advected over the North Atlantic Ocean, were collected onboard the NOAA ship, Ronald H. Brown (RHB) during the AEROsol and Ocean Science ___________________ This work is supported by the NOAA (EPP/MSI) under grant NA17AE1625 and NA17AE1623 NCAS Expeditions (AEROSE) [1, 2] . This was in response to the critical challenge in understanding the microphysical evolution, regional atmospheric chemistry, and meteorological scenarios affecting Saharan dust plume and mobilization processes. Saharan Air Layer (SAL) aerosols have attracted increasing attention because the source region covers about 3.5 million square miles (9.1 million square kilometers) and contributes 78% of global fugitive mineral dust emissions into the atmosphere every year [3] . This aerosol varies in composition, origin, and size and is strongly correlated with dust source characteristics, as well as the position of the particles within atmospheric layers. This presents a serious challenge for climate projection and health.
The morphology and chemical composition of dust particles can be important in determining entrainment, long distance transport, and loss. They can also serve as distinguishing parameters in dust variability from year to year. Large quantities of desert dust are transported westward towards the tropical North Atlantic Ocean during the summer months of the Northern Hemisphere. The intrusion typically lasts 3-4 days [4] . In this respect, the tropical Atlantic Ocean is of special importance since its atmosphere receives inputs of anthropogenic, biomass burning, and mineral dust aerosols from the central and northern part of the African continent. The resulting mixed plumes provide a substantial surface area for heterogeneous reactions during atmospheric transport, alter the chemical balance of the atmosphere, affect biogeochemical processes in the ocean, and the physicochemical properties of the mineral dust itself [5, 6] . This is significant as heterogeneous chemical transformation can potentially modify dust particles into cloud condensation nuclei (CCN) [7, 8] . Over the past few years, field campaigns have focused on chemical modeling, optical properties, and radiative effects of Saharan dust have been performed [1, 9] . The results suggest a need for detailed physicochemical characterization of single particles based on size during a synoptic evolution from source region. In addition, such characterization can indicate whether and how ambient particles at the Atlantic Ocean experience reactions with anthropogenic species, and it can also aid in tracing their atmospheric sources [10, 11] . In 2004 and nearly annually, the Howard University has led the AEROSE [1, 12] . These campaigns provide an opportunity to investigate mixed air masses containing smoke from biomass burning impacts on atmospheric thermodynamics, and correct satellite responses to these phenomena [1, 3, 12] .
In this paper, we examine the morphology and surface chemistry of Saharan aerosol outbreaks between two observational periods: July 2006 and 2009, focusing on the micrographs obtained from the scanning electron and Raman microscopy for the 1.2μm size cut respectively. Micro-Raman spectroscopy (MRS), a highly surface-sensitive, nondestructive and in-situ vibration technique was utilized in parallel with scanning electron microscopy equipped with energy dispersive X-ray (SEM/EDX) micro analytical system to characterize sizesegregated airborne Saharan aerosols in a fast and automated fashion. The complementary use of these techniques enables better atmospheric particle characterization with respect to chemical composition, morphology, and surface chemistry of the AEROSE samples. These techniques will aid in discriminating natural and anthropogenic aerosol constituents as well as trends in emission sources. Finally, the rich complementary data set presented in this work will improve our knowledge on the role of surface chemical processes involved in Saharan dust transport as it crosses the tropical Atlantic from source region.
SAMPLING AREA
The Atlantic Ocean is a unique location for sampling, with no significant local sources of air pollutants. It is an excellent location to examine the influence of continental outflow on aerosol compositions and to observe the interactions between natural and anthropogenic particles. All sampling was conducted in various portions of the air mass outflows That occurred over the tropical Atlantic Ocean 18m above the sea level through an intake positioned on the second deck of the ship. The AEROSE samples were collected on a six (6) and ten (10) stage quartz crystal microbalance (QCM) cascade impactor with a flow rate of 1.5m and 2.0m respectively. The sampling duration generally took 2-3 minutes to avoid overloading the QCM. Samples were stored at ambient temperature and constant relative humidity (55%) until transferred to the laboratory for analyses.
EXPERIMENTAL TECHNIQUE
Raman spectra were measured without sample preparation on a HORIBA Scientific, Jobin Yvon LabRAM ARAMIS Technology (Villeneuve d'Ascq, France) at room temperature. The excitation source (Ventus by Laser Quantum, Manchester, UK) used was an Nd:YAG laser operating at 633nm and providing a maximum laser power of 100mW. The instrument was calibrated using a 520cm -1 silicon wafer. We used a 100x / 0.90 Nikon long working distance objective, a hole of 400μm, a spot size of 0.36μm, a slit of 100μm with a D2 filter system to improve peak intensity and to prevent sample degradation / transformation by the heat generated by the exciting laser. The analyzed area of the sample was approximately 1μm, and the concave holographic gratings (600 x 100) provided unparalleled sensitivity and gave a total spectral coverage over the common Raman range of 200 -3200cm -1 . The detector was a charge-coupled device multichannel matrix (1024 x 256) pixels operating at -70ºC (air cooling). An additional electronic box supported on one side by a tripod Super Head with an XY stage was used to control focus and micro-displacement. The spectra were obtained by locating a suitable spot and aligning the Super Head so that the laser beam was perpendicular to the sample so as to collect the maximum scattered light. The laser beam was focused to minimize the spot size, and the spectrum obtained with an integration time of 20 scan / 120 s, and an automated baseline correction performed. Three (3) blank spectra were obtained for sample peak verification and an in-house library was used for spectral identification.
The morphology of the AEROSE samples was obtained without coating using the JEOL 6360-LV SEM/EDX micro analysis system, with a Si (Li) detector. The system was operated at an accelerated voltage of 20.0 Kv, a distance of 10mm, a distance of 10mm, a magnification of X400, and a spot size of 50μm. Instrument calibration was performed using titanium metal mounted alongside the ample on the sample holder. Automated single particle analysis was performed using the secondary electron signal and the images obtained without coating. Six (6) blank measurements were applied to cancel out the contribution of the sampling substrate. The EDX was used to quantify the elemental composition of single particles from its X-ray spectrum, produced by the electron beam-particle interaction, in a semiquantitative analysis based on element standards.
RESULT AND DISCUSSION
We have analyzed five (5) days of in-situ observations during July 2006 and four (4) days during July 2009. Raman spectroscopy offers an advanced spectral sensing technique to investigate the chemical speciation of aerosol mixture. The presence of organic, inorganic, and signatures of carbonaceous aerosol can be identified by measuring the Raman spectrum of solid aerosol samples deposited on the QCM crystals, with a baseline correction. Chemical information about aerosols was deduced from measuring spectra by matching the peaks with a spectral database library containing Raman signatures of substances that could be present in the atmosphere. The 2006 (1.2 micron) samples (figure 3) exhibited a Raman peak at 1311.09cm -1 which was assigned to ν(C-C) alicyclic, aliphatic chain vibration. The strong and characteristic sharp peak, observed at 1587.73cm -1 was assigned as the ν (C=C) group. The C=O appeared as a weak peak at 1860.85, and the C-H hydrocarbon group appeared at 2611.83cm -1 . For the 2009 (1.2 micron) AEROSE samples (figure 4), a broad peak appeared at 1587.26 cm -1 , was assigned as the stretching vibration of water. The weak overtone peak at ~ 2924.04 cm -1 was assigned the ν(OH) group. This is consistent with results obtained by Q. Ma et al [14] , who investigated the hygroscopic behavior of individual aerosol particles. Figure 5 illustrates a typical example of the morphology of the 2006 AEROSE samples deposited on the QCM electrode Particles were both spherical and non-spherical in shape. This can be attributed to surface mixing state, and gas to particle phase reactions during transport. The NOAA HYSPLIT back trajectories which is geographically consistent with the OMI (Ozone [15] . This was in agreement with other studies conducted in Europe using similar methodology [16] . The AEROSE 2006 samples were dominated by C, S, Si, Pb, Cd, Al, O, Na, Cl, Ca, Mg, and Fe. This suggests that both anthropogenic and biomass source aerosols continuously mix with dust particles during transport. The 2009 samples were predominantly Saharan Air Layer aerosols and sea salt. The elemental composition was associated with soil dust (Al, Si, Ti, Fe, and), and biogenic fingerprint (K, F, O, Na, Mg, S, Cl, Ca, P, Zn). 
CONCLUSION AND FUTURE STUDIES
. Saharan aerosol particles can be a varied mixture of components with different chemical compositions, origins, and sizes. The morphology and chemical composition of AEROSE samples are affected by various factors such as emission amount, meteorological parameters, outflow status, and source region. The result presented above establishes the compatibility of the two techniques to provide crucial information about atmospheric particle compositions and surface chemistry required to interpret aerosol impact. X-ray diffraction and Auger electron spectroscopy studies will be performed to accurately determine the mineral contributions and aging of the samples.
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